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Compilation of Regional Ground-Water Divides for 
Principal Aquifers Corresponding to the Great Lakes Basin

By R.A. Sheets and L.A. Simonson

Abstract
A compilation of regional ground-water divides for the 

five principal aquifers corresponding to the Great Lakes Basin 
within the United States is presented. The principal aquifers 
(or aquifer systems) are the Cambrian-Ordovician aquifer 
system, Silurian-Devonian aquifers, Mississippian aquifers, 
Pennsylvanian aquifers, and the surficial aquifer system. The 
regional ground-water divides mark the boundary between 
ground-water flow that discharges to the Great Lakes or their 
tributaries and ground-water flow that discharges to other 
major surface-water bodies, such as the Mississippi River. 
Multicounty to multistate (regional) hydrologic studies of the 
five principal aquifers were reviewed to determine whether 
adequate data, such as potentiometric surfaces or ground-
water divides, were available from which ground-water flow 
directions or ground-water-divide locations could be derived. 
Examination of regional studies indicate that the regional 
ground-water divides for the Cambrian-Ordovician aquifer 
system and Silurian-Devonian aquifers have changed over 
time and differ from the surface-water divides in some areas. 
These differences can be attributed to either pumping or natu-
ral processes. The limited information on the shallow Missis-
sippian and Pennsylvanian bedrock aquifers indicate that these 
aquifers and the surficial aquifer system act as one hydrostrati-
graphic unit and that downdip flow is insignificant. Generally, 
in the Mississippian and Pennsylvanian aquifers, regional 
ground-water divides are similar to regional surface-water 
divides. Previous studies of the regional ground-water divide 
of the surficial aquifer system depict the regional ground-
water divide as generally following the regional surface-water 
divide.

Because studies commonly focus on areas where ground-
water use from an aquifer system is concentrated, the regional 
ground-water divides are not known in large, unstudied parts 
of some of these aquifer systems. A composite ground-water 
divide for the region was generated and is estimated to gener-
ally follow the surface-water divide, except in areas where 
anthropogenic or natural factors affect its position.

Introduction
In 2005, the U.S. Geological Survey (USGS) began 

the National Assessment of Water Availability and Use at 
the request of Congress (U.S. Geological Survey, 2002); a 
pilot phase immediately began in the Great Lakes region 
(Grannemann, 2005). The goal of the program is to provide 
citizens, communities, and natural-resource managers with

a clearer knowledge of the status of the Nation’s water 
resources (how much water we have now),

trends over recent decades in water availability and use, 
and

an improved ability to forecast the availability of water 
for future economic and ecological uses (U.S. Geologi-
cal Survey, 2005b).

The Great Lakes surface-water basin is delineated by 
surface topography. The basin divide is defined as the line 
separating streams that ultimately drain into the Great Lakes 
from those draining to other major rivers or their tributaries 
(for example, the Mississippi River) (fig. 1). For the purposes 
of this report, the “Great Lakes Basin” is defined as the Great 
Lakes surface-water basin, excluding the St. Lawrence River 
Basin. The Great Lakes ground-water basin for a particular 
aquifer or aquifer system is delineated by that aquifer system’s 
regional ground-water divide, which marks the separation 
of ground-water flow toward the Great Lakes from ground-
water flow toward other major river basins. There are multiple 
principal aquifers or aquifer systems within the Great Lakes 
ground-water basin, each of which may discharge ground 
water directly to the Great Lakes or to tributaries to the Great 
Lakes. Principal aquifers are defined herein as rock units that 
will yield usable quantities of water to wells (Miller, 1999; 
U.S. Geological Survey, 2003).

There has been no systematic, basinwide mapping of 
the water-table or potentiometric surfaces of these aquifers 
or aquifer systems—collectively referred to as “principal 
aquifers” hereafter—to define the regional ground-water 
divides between the Great Lakes and other major points of 
ground-water discharge. To date, only regional or subregional 
studies have been done on individual principal aquifers in the 
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Great Lakes ground-water basin. Regional ground-water flow 
divides need to be better defined to more clearly delineate the 
parts of aquifers that can potentially affect the water quality 
of the Great Lakes. Illustrating areas where the surface- and 
ground-water divides are coincident or dissimilar will help 
regional water managers better understand diversion and 
water-availability issues in the region. Indicating where these 
data are lacking will provide water managers with informa-
tion on areas to focus future investigations of ground-water 
resources.

Purpose and Scope

The purpose of this report is to provide a compilation of 
previous regional-scale (multicounty to multistate) investiga-
tions that help define the location of the regional ground-water 
divides for the principal aquifers that correspond to the Great 
Lakes Basin (in the United States). This report presents a 
series of maps indicating the position of the regional ground-
water divides for principal aquifers based on these previous 
investigations. The previous investigations examined for this 
report were limited to state- and Federal-agency investigations 
and selected theses and dissertations that were regional in 
scope. This report also describes some of the factors that may 
affect the position of ground-water divides.

Description of Study Area

The Great Lakes Basin, including the surface area of 
the Great Lakes, comprises approximately 325,000 mi2 in the 
Upper Midwestern United States and southeastern Canada 
(fig. 1); approximately 118,000 mi2 of the basin land area lies 
within the United States. Overall, land use in the United States 
part of the Great Lakes Basin is approximately 50 percent 
forest and 40 percent agricultural land; however, the Lake Erie 
Basin is about 60 percent agricultural land, whereas the Lake 
Superior Basin is approximately 80 percent forest (Govern-
ment of Canada and U.S. Environmental Protection Agency, 
1995).

The climate of the Great Lakes Basin is controlled by 
movement of air masses from the Arctic zone and from the 
Gulf of Mexico and is moderated by the size and position of 
the Great Lakes within a large continental land mass. Spring 
and autumn in the Great Lakes Basin are characterized by 
variable weather corresponding to alternating air masses origi-
nating in the Arctic zone and the Gulf of Mexico. In winter, 
cold arctic air moves across the basin and absorbs moisture 
from the comparatively warmer Great Lakes; cooling and con-
densation as the air masses reach land creates heavy snowfalls 
on the leeward side of the Great Lakes. In summer, most of the 
Great Lakes Basin is dominated by warm, humid air from the 
Gulf of Mexico, and only the most northern part of the basin 
receives cooler and drier air from the Canadian northwest 
(Government of Canada and U.S. Environmental Protection 
Agency, 1995).

The population within the Great Lakes Basin (United 
States) has been estimated at about 25 million people, about 
80 percent of which live in either the Lake Michigan Basin or 
the Lake Erie Basin (Government of Canada and U.S. Envi-
ronmental Protection Agency, 1995).

The physiography of the Great Lakes Basin is, in large 
part, the result of a series of continental glaciers that scoured 
the area, the latest of which is the Laurentide Ice Sheet of 
the Wisconsin-stage glaciation during the Pleistocene Epoch. 
Most of the Great Lakes Basin is covered by glacial landforms 
such as moraines and till plains (Fenneman and Johnson, 
1946). The consolidated rocks that underlie the glacial and 
alluvial terrain have a subdued subsurface topography because 
of glacial scouring. Land-surface altitudes range from over 
1,600 ft in northeastern Wisconsin and northern New York to 
less than 300 ft near the Lake Ontario outlet to the St. Law-
rence River. The maximum depth in the Great Lakes is in Lake 
Superior, at more than 1,300 ft.

Geohydrologic Setting
A series of large-scale structural basins and arches con-

trol the position and extent of bedrock units in the north-cen-
tral part of the United States. Among these are the Michigan 
Basin, Illinois Basin, Appalachian Basin, the Wisconsin Arch, 
the Kankakee Arch, the Cincinnati Arch, and the Findlay Arch 
(Cohee, 1962; fig. 2). Bedrock in this area ranges from Pre-
cambrian to Jurassic in age (table 1; fig. 2). Precambrian units 
consist of crystalline rocks and metamorphosed sedimentary 
rocks. Paleozoic and Mesozoic rocks are sedimentary. Bed-
rock units dip away from the crests of the arches and generally 
thicken into adjacent basins (fig. 2).

Several principal aquifers correspond to the Great Lakes 
Basin: Cambrian-Ordovician aquifer system, Silurian-Devo-
nian aquifers, Mississippian aquifers, Pennsylvanian aquifers, 
and aquifers of alluvial and glacial origin (hereafter termed 
the “surficial aquifer system”) (fig. 3, table 1; U.S. Geo-
logical Survey, 2003). The surficial aquifer system overlies 
much of the area covered by Wisconsinan glaciation (fig. 3). 
Several less regionally extensive aquifers or aquifer systems 
are included in this nomenclature; for example, the New 
York Sandstone aquifers (Cambrian), the New York and New 
England carbonate rock aquifers (Silurian and Devonian), and 
the Marshall aquifer in Michigan (Mississippian) (fig. 3, table 
1). The structural basins and arches control the depth to the 
aquifers, as shown in figure 4. As the depth to the top of the 
aquifers increases, water quality tends to degrade (as dissolved 
solids increase), and water use from these aquifers correspond-
ingly declines.
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